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© Optimal running- pattern calculating apparatus and system of the same. 
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© An optimal running - pattern calculating appara- 
tus is disclosed, which comprises input means (1) 
for inputting line data and car data, running simula- 
tion means (3) for simulating the running of a train 
by using various data received from input means 
(4), backward curves received from backward curve 
calculating means (4), notch switching parameters 
received from parameter initializing means (10), and 
an upper limit speed and for calculating a running - 
pattern for the train to run within a restricted speed 
in a predetermined running distance, and time fitting 
means (5) for causing upper limit speed adjusting 
means (6) to adjust the upper limit speed and 
causing the running simulation means (3) to recal - 
culate the running -pattern when the running time 
calculated by the running simulation means (3) de- 
viates from a predetermined running time. 

Thus, a running - pattern for a train to run with 
small energy consumption and riding comfort while 
satisfying a predetermined running distance, a pre - 
determined running time, and a restricted speed can 
be easily and quickly created. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an optimal 5 
running - pattern calculating apparatus and the 
system of the same for calculating an optimal 
running - pattern for a train to run with small energy 
consumption and riding comfort while satisfying 
conditions such as a running distance, a running 10 
time, and a restricted speed. 

2. Description of the Related Art 

Thus far, a standard running - pattern for a train is 
to run with small energy consumption and riding 
comfort while satisfying conditions such as a run - 
ning distance, a running time, and a restricted 
speed has been created manually by connecting 
curves on paper in accordance with a running 20 
technique obtained through the experiences of 
motormen. When a train deviates from a running 
schedule, a schedule restoration running operation 
is performed. In this event, since there is no refer- 
ence pattern, the motorman should perform a 25 
schedule restoration running operation through his 
perception and experience. It is very difficult to 
optimize the running -pattern of a train math- 
ematically due to its strong non-linearity and dis- 
continuity. So far, studies with respect to the op- 30 
timal running techniques of trains as disclosed in 
the following papers have been conducted. 

[1] "A Predictive Fuzzy Control for Automatic 
Train Operation", by Yasunobu et. al., published 
on "ISCIE Systems and Control" of Japanese 35 
magazine, pp 605-613, No. 10, Vol 28, 1984. 
[2] "Laboratory Development of New Train 
Control System by Radio", by Inage et. al., 
published on "RTRI Report", pp. 48- 55, No. 1, 
Vol. 5, January 1991. 40 
[3] "A Method for Calculating the Energy Con - 
sumed in Train Operation and Its Application for 
a Study on Energy Saving in the Shinkansen 
Accommodation Train Service", by Yasukawa, 
published on "Trans, of IEEE of Japan", pp 45 
769 - 776, No. 9, Vol. 1 06 - B, September 1 986. 
In these studies, however, a running technique 
which deals with all of riding comfort, energy con - 
sumption, and running time adjustment has not 
been disclosed. 50 

It is not known whether or not the running 
technique which is obtained through the experience 
of a motorman is optimal from the standpoints of 
riding comfort and energy consumption. In addition, 
manual creation of a standard running - pattern ss 
takes a long time and is very troublesome. More - 
over, the running schedule of trains becomes tight 
year by year. The number of applicants for motor - 
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men decreases, and so does the number of skilled 
motormen. Thus, in the schedule restoration run- 
ning operation based on the skill of a motorman, it 
is not assured whether or not the motorman can 
stop the train at a predetermined position and run 
the train within a restricted speed. Furthermore, the 
schedule restoration ratio is not constant. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an optimal running - pattern calculating apparatus 
and a system of the same for easily, quickly, and 
securely obtaining an optimal running - pattern of a 
train which can run with riding comfort and small 
energy consumption in conformity with a restricted 
speed, predetermined stop positions and a running 
schedule. , 

An aspect of the present invention is an op- 
timal running -pattern calculating apparatus, com- 
prising input means for inputting line data and car 
data, backward curve calculating means for out- 
putting backward curves, parameter initializing 
means for outputting notch switching parameters 
and an upper limit speed, running simulation 
means for simulating the running of a train by 
using the data received from the input means, 
backward curves received from backward curve 
calculating means, and the notch switching pa- 
rameters and an upper limit speed received from 
the parameter initializing means, and for calculating 
a running -pattern for the train to run within a 
restricted speed in a predetermined running dis- 
tance, and time fitting means for causing upper 
limit speed adjusting means to adjust the upper 
limit speed and causing the running simulation 
means to recalculate the running - pattern when the 
running time calculated by the running simulation 
means is different from a predetermined running 
time. 

Another aspect of the present invention is an 
optimal running - pattern calculating system, com- 
prising a database for storing line data, car data, 
and operation condition data, a running - pattern 
calculating unit for calculating a running - pattern 
for a train to run in a predetermined section in a 
predetermined running time with riding comfort and 
small energy consumption in accordance with the 
line data, the car data, and the operation condition 
data received from the database, and an interface 
for outputting a running - pattern calculating com - 
mand to the running -pattern calculating means 
and for displaying the running - pattern obtained. 

A further aspect of the present invention is an 
optimal running - pattern calculating system, com- 
prising a database or a storage medium for storing 
line data, car data, and operation condition data, a 
running -pattern calculating unit for calculating a 
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running - pattern lor a train to run in a predeter - 
rnmec section in a predetermined running time with 
noing com tort and small energy consumption in 
accordance witn tt»e ime data, the car data, and the 
ot*jfa:>on condition data received from the 
caiaoase ot the storage medium, an interface for 
outpumng a running - pattern calculating command 
to the running - pattern calculating means and for 
displaying the running - pattern being obtained, and 
a communication system for outputting data of the 
position and speed of a preceding train and op- 
eration management data to the running - pattern 
calculating unit, wherein the database, the 
running - pattern calculating unit, and the interface 
are mounted on the train. 

Thus, a running - pattern for a train to run with 
small energy consumption and riding comfort while 
satisfying a predetermined running distance, a 
predeter mined running time, and a restricted speed 
can be easily and quickly created. 

In addition, automatic train operation tracking a 
target running - pattern can be realized. Thus, the 
train can run in a predetermined running time with 
riding comfort. 

These and other objects, features and advan - 
tages of the present invention will become more 
apparent in light of the following detailed descrip - 
tion of best mode embodiments thereof, as illus - 
trated in the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a block diagram showing an optimal 
running- pattern calculating apparatus of a first 
embodiment in accordance with the present in - 
vention. 

Fig. 2 is a graph showing a running - pattern 

obtained by a running simulation means; 

Fig. 3 is a graph showing a running - pattern 

obtained by a time fitting means; 

Fig. 4 is a graph showing a running - pattern 

obtained by a pattern optimizing means; 

Fig. 5 is a graph showing a running - pattern 

obtained by a running simulation means of an 

second embodiment in accordance with the 

present invention; 

Rg. 6 is a graph showing a running - pattern 
obtained by a time fitting means of the second 
embodiment; 

Fig. 7 is a graph showing a running - pattern 
obtained by a pattern optimizing means of the 
second embodiment; 

Fig. 8 is a graph showing a running - pattern 
obtained by using notch switching parameters in 
the case where line resistances is not consid - 
ered; 

Figs. 9 (a) to (d) are graphs showing running 
conditions in accordance with the notch switch - 
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ing parameters; 

Rg. 10 is a block diagram showing an optimal 
running -pattern calculating system of a third 
embodiment in accordance with the present in - 

5 vention; 

Rg. 11 is a schematic diagram showing an 
operation screen of an interface; 
Fig. 12 is a schematic diagram showing a 
running -pattern condition inputting sub- win - 

70 dow of the interface; 

Rg. 13 is a schematic diagram showing a 
running -pattern reading sub -window of the 
interface; and 

Fig. 14 is a block diagram showing another 
is example of the optimal running - pattern cal- 
culating system. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

20 First embodiment 



Now, with reference to the accompanying 
drawings, a first embodiment in accordance with 
the present invention will be described. Rgs. 1 to 4 

25 show the first embodiment in accordance with the 
present invention. Rg. 1 is a block diagram show- 
ing an optimal running -pattern calculating ap- 
paratus of the first embodiment in accordance with 
the present invention. 

30 In Fig. 1, the optimal running - pattern cal- 

culating apparatus comprises an input means 1 
which inputs line data, car data, and so forth, an 
evaluation function setting means 2 which sets 
evaluation functions with respect to energy con- 

35 sumption and riding comfort in accordance with 
data being input form the input means 1 , a running 
simulation means 3 which simulates the running of 
-a fTain and which calculates a running - pattern for 
the train to run in a predetermined running distance 

40 in a restricted speed, a time fitting means 5 which 
adjusts a running time of the running - pattern cal - 
culated by the running simulation means 3, and a 
pattern optimizing means 7 which adjusts notch 
switching parameters so that the evaluation func - 

46 tions of the running - pattern adjusted by the time 
adjusting means 5 become minimal. 

The running simulation means 3 is connected 
to a parameter initializing means 10 and a back- 
ward curve calculating means 4. The time fitting 

50 means 5 is connected to an upper limit speed 
adjusting means 6. The pattern optimizing means 7 
is connected to a parameter adjusting means 8. 
The pattern optimizing means 7 is also connected 
to an output means 9 which outputs a running - 

55 pattern obtained by the pattern optimizing means 
7. 

Next, the operation of this embodiment will be 
described. 
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On me input means 1. using an electronic pen, 
a toucn sen so', or the tike, the user inputs line data 
and car data. The line data includes for example a 
running distance between each station, a pre- 
determined running time thereof, a restricted speed 
thereof, and line conditions (curves and grades). 
The car data includes for example a train com- 
position, car weight passenger capacity, and trac - 
tion characteristics. The evaluation function setting 
means 2 obtains a formula for calculating energy 
consumption of the train in accelerating phase in 
accordance with the car data such as car weight. In 
addition, the evaluation function setting means 2 
obtains as an index of riding disconfort a formula 
with respect to the number of notch switching 
times. The evaluation function setting means 2 
uses these formulas as evaluation functions. When 
necessary, a weight changing means 2a changes 
the weights of the evaluation functions obtained by 
the evaluation function setting means 2. There are 
some notches corresponding to discrete tractions 
in each of accelerating phase and decelerating 
phase. One of the notches of each phase is used 
for calculating a running pattern. So the number of 
notch switching times represents the number of 
times of the notch switching between power -on 
state (accelerating phase), neutral state (inertia! 
running phase), and brake -on state (decelerating 
phase). As the number of notch switching times 
increases, the riding comfort degrades. In addition, 
when a notch is switched, the more the traction 
varies, the more the riding comfort degrades. 

Next, the operation of the running simulation 
means 3 will be described. The running simulation 
means 3 simulates the running of a train in accor- 
dance with the line data and the car data obtained 
by the input means 1, the backward curves ob- 
tained by the backward curve calculating means 4, 
the initial values and the upper limit speeds of the 
notch switching parameters which are set by the 
parameter initializing means 10. The backward 
curves obtained by the backward curve calculating 
means consist of backward brake curves and 
backward power curves. As shown in Fig. 2. back- 
ward brake curves 12 are obtained as running 
curves of a train in brake -on state calculated 
backward from a point where an upper limit speed 
14 decreases and from an end point b. On the 
other hand, a backward power curve 13 is obtained 
as a running curve of a train in power -on state 
calculated from a point c where an upper limit 
speed increases. 

The notch switching parameters are defined 
based on notch switching between power -on, 
neutral, and brake -on states. The notch switching 
parameters consist of brake -on parameter, 
power -off parameter, brake -off parameter, and 
power -on parameter in the ordinary order of val - 
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ue. Each of the notch switching parameters has an 
individual value for example 100 %, 90 %, 80 %, 
or 70 % to an upper limit speed. 

As shown in Fig. 9, in the condition where the 
5 brake -on parameter is set to 100 %, the power - 
off parameter to 90 %, the brake -off parameter to 
80 %, and the power -on parameter to 70 %, when 
the speed of the train increases to 100 % of the 
upper limit speed in neutral state (N), the brake is 
io turned on (see Fig. 9 (a)). When the speed of the 
train increases to 90 % of the upper limit speed in 
power -on state (P), the power is turned off (see 
Fig. 9 (b)). In this case, when the line resistance is 
positive, the train is decelerated in the neutral state 
75 (N). On the other hand, when the line resistance is 
negative, the train is accelerated in the neutral 
state (N). When the speed of the train decreases to 
80 % of the upper limit speed in the brake -on 
state (B), the brake is turned off (see Fig. 9 (c)). In 
20 this case, when the line resistance is positive, the 
train is decelerated in the neutral state (N). On the 
other hand, when the line resistance is negative, 
the train is accelerated in the neutral state (N). 
When the speed decreases to 70 % of the upper 
25 limit speed in the neutral state (N), the power is 
turned on (see Fig. 9 (d)). 

The parameter initializing means 10 sets the 
initial values of the notch switching parameters. In 
other words, the parameter initializing means 10 
30 sets individual values of the notch switching pa- 
rameters. These individual values are represented 
with percentage to an upper limit speed of the 
train. 

As an initial values of an upper limit speed 

35 which is input to the running simulation means 3, a 
restricted speed is used. The restricted speed is an 
absolutely restricted speed predetermined for each 
portidh in accordance with the line condition and so 
forth. Thus, the restricted speed is a restricted 

40 value of the running speed of the train. On the 
other hand, an upper limit speed is an expedient 
upper limit speed for use in obtaining an optimal 
running - pattern. The restricted speed is the 
maximum value of the upper limit speed. 

45 The running simulation means 3 simulates the 

running of the train so that it can run at speeds 
which do not exceed a predetermined upper limit 
speed for a predetermined running d$tar\ce. In 
simulating the running of a train, when a running 

so curve intersects with a backward brake curve 12 or 
a backward power curve 13 as shown in Fig. 2, the 
resultant running curve is drawn therealong. Thus, 
when the upper limit speed increases in a forward 
position, by turning on the power early, the train 

55 can be effectively accelerated. On the other hand, 
when the upper limit speed decreases in a forward 
position, the train can run at a speed which does 
not exceed the restricted speed and securely stops 
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a predetermined position. 

In the running simulation, when the running 
speed of the train increases to the brake -on 
speed, the brake is turned on. When the running 
speed of the train increases to the power - of i 
speed, the~ power is turned off. When the running 
speed of the train decreases to the brake -off 
speed, the brake is turned off. When the running 
speed of the train decreases to the power -on 
speed, the power is turned on. Thus, the train can 
run at a speed in conformity with the restricted 
speed. In addition, the train can be prevented from 
stopping before reaching a predetermined stop 
position. In this manner, a running - pattern 11 as 
shown in Fig. 2 can be obtained. In Fig. 2. the 
energy consumption is 6.3; the number of notch 
switching times is 6; and the time error is - 1 7.5 
sec. 

When the running time of the running - pattern 
obtained by the running simulation means 3 has a 
margin, the time fitting means 5 adjusts the running 
time. 

In other words, when the running time of the 
running -pattern obtained by the running simula- 
tion means 3 has a margin (17.5 sec.) (see Fig. 
2). the upper limit speed adjusting means 6 adjusts 
the upper limit speed of the train in accordance 
with the running time error. A signal of the time 
adjusting means 5 is input to the running simulation 
means 3. The running simulation means 3 repeats 
the running simulation. The running simulation is 
performed in such a way that the train can run at 
as close to the upper limit speed as possible. 
Thus, when the upper limit speed is decreased, the 
maximum running speed decreases and the run- 
ning time is prolonged. The upper speed adjusting 
means 6 adjusts the upper limit speed by de- 
creasing the upper limit speed of the convex por- 
tion as shown in Fig. 2. Adjusting of the upper limit 
speed and the running simulation are repeated until 
the running time error comes in the allowable 
range. In this manner, a running - pattern 21 as 
shown in Fig. 3 is obtained. In Fig. 3, reference 
numeral 22 is a backward brake curve. Reference 
numerals 24 and 25 are an upper limit speed which 
has not been adjusted and an upper limit speed 
which has been adjusted, respectively. In Fig. 3, 
the energy consumption is 3.5; the number . of 
notch switching times is 8; and the time error is 0.1 
sec. 

When the four notch switching parameters are 
set to individual values such as 100 %, 90 %, 80 
%, and 70 %, after the running time has been 
adjusted a running - pattern is uniquely fixed, as 
shown in Fig. 3. Thus, the pattern optimizing 
means 7 selects the notch switching parameters as 
parameters to optimize the running - pattern. Then, 
the notch switching parameters are adjusted. A 



signal ot tne pattern optimizing means 7 is input to 
tr>e running simulation means 3. The running sim - 
utation means 3 repeats the running simulation and 
tne tim© fining means 5 repeatedly adjusts the 
5 running time. In this manner, the individual values 
ol tne no ten switching parameters where the values 
ot the evaluation functions are minimized are ob- 
tained. 

The parameter adjusting means 8 adjusts the 

io notch switching parameters in accordance with a 
rule based on situations of the notch switching and 
evaluation functions varying or by using an Al 
(Artificial Intelligence) system. In addition, while 
observing the running pattern and the values of 

75 evaluation functions displayed on a display of the 
pattern optimizing means 7, the user can manually 
adjust the notch switching parameters. As the 
number of switching times of notches caused by 
notch switching criteria speeds which are products 

20 of the upper limit speed and the notch switching 
parameters, other than backward curves decreases, 
the riding comfort is improved. In addition, since 
the wasteful accelerating is decreased, a running - 
pattern 31 of the train which decreases energy 

25 consumption is obtained (see Fig. 4). The resultant 
running - pattern is displayed on a running - pattern 
display unit. 

In Fig. 4, reference numeral 32 is a backward 
curve. Reference numerals 34 and 35 are an upper 

30 limit speed which has not been adjusted and an 
upper limit speed which has been adjusted, re- 
spectively. In Fig. 4, the energy consumption is 
2.5; the number of notch switching times is 2; and 
the time error is 0.1 sec. 

35 Thus, a running - pattern for a train to run with 

small energy consumption and riding comfort in 
conformity with a predetermined running distance, 
-a predetermined running time, and a restricted 
speed can be easily, quickly, and securely ob- 

4o tained. When a shorter running time is specified, a 
running - pattern for a schedule restoration running 
operation can be obtained. In addition, since a 
shortest running time can be obtained, the ap- 
paratus in accordance with the present invention 

45 can be used when a train schedule is revised or 
when a new line schedule is created. Moreover, 
provided that a optimal running - pattern has been 
input to an automatic train operation system as a 
target running "- pattern, when a train* is controlled 

so to track this pattern, it can run with small energy 
consumption and riding comfort in conformity with 
the designated running distance, the designated 
running time, and the designated restricted speed. 

55 Second Embodiment 

Next, with reference to Figs. 5 to 8, a second 
embodiment in accordance with the present in- 
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vention will be described. 

The second embodiment shown in Figs. 5 to 8 
is the same as the first embodiment shown in Figs. 
1 to 4 except for the notch switching parameters 
which are input to the running simulation means. 

On the input means 1, using an electronic pen. 
a touch sensor, or the like, the user inputs line data 
and car data. The line data includes for example a 
running distance between each station, a pre- 
determined running time thereof, a restricted speed 
thereof, and line conditions (curves and grades). 
The car data includes for example a train com- 
position, car weight, passenger capacity, and trac- 
tion characteristics. The evaluation function setting 
means 2 obtains a formula for calculating energy 
consumption of the train in accelerating phase in 
accordance with the car data such as car weight. In 
addition, the evaluation function setting means 2 
obtains as an index of riding discomfort a formula 
with respect to the number of notch switching 
times. The evaluation function setting means 2 
uses these formulas as evaluation functions. When 
necessary, a weight changing means 2a changes 
the weight of the evaluation functions obtained by 
the evaluation function setting means 2. The num - 
ber of notch switching times represents the number 
of times of the notch switching between power -on 
state, neutral state, and brake -on state. As the 
number of notch switching times increases, the 
riding comfort degrades. In addition, when a notch 
is switched, the more the traction varies, the more 
the riding comfort degrades. 

The running simulation means 3 simulates the 
running of a train in accordance with the line data 
and the car data obtained by the input means 1, 
the backward curves obtained by the backward 
curve calculating means 4, the initial values and the 
upper limit speeds of the notch switching param - 
eters which are set by the parameter initializing 
means 10. The backward curves obtained by the 
backward curve calculating means 4 consist of 
backward brake curves and backward power 
curves. As shown in Fig. 5, backward brake curves 
102 are obtained as running curves of a train in 
brake -on state calculated backward from a point 
where an upper limit speed 104 decreases and 
from an end point b. On the other hand, a back- 
ward power curve 103 is obtained as a running 
curve of a train in power -on state calculated 
backward . from a point c where an upper limit 
speed increases. 

The parameter initializing means 10 sets the 
initial values of the notch switching parameters. 
The notch switching parameters are set as criteria 
of whether the brake and/or power are turned on 
and/or off. Thus, the notch switching parameters 
consist of brake -on parameter, power -off pa- 
rameter, brake -off parameter, and power -on pa- 



rameter. Eacn pa/arneief nas an individual value 
constant between a station and the next station. 
The individual value ts represented witn percentage 
{%) to an upoer limit speed. The value of the 

5 brake - on parameter is larger than the value of the 
power - on parameter. The values of the power - off 
parameter and the brake -off parameter are larger 
than the value of the power - on parameter and 
smaller than the value of the brake - on parameter. 

io In this embodiment the power -off parameter 

and the brake -off parameter have two individual 
values in accordance with the cases whether the 
line resistance is positive or negative. The value of 
line resistance varies from point to point depending 

is on the resistance of grade, the resistance of curve, 
and the resistance of running. With respect to the 
power -off parameter and the brake -off param- 
eter, one of the two values is selected for each 
parameter depending on the value of the line re- 

20 sistance at the point the train is running. 

The restricted speed is an absolutely restricted 
speed predetermined for each portion in accor- 
dance with the line condition and so forth. Thus, 
the restricted speed is a restricted value of the 

25 running speed of the train. On the other hand, an 
upper, limit speed is an expedient upper limit speed 
for use in obtaining an optimal running - pattern. 
The restricted speed is the maximum value of the 
upper limit speed. 

30 The running simulation means 3 simulates the 

running of the train so that it can run at speeds 
which do not exceed a predetermined upper limit 
speed for a predetermined running distance. In 
simulating the running of a train, when a running 

as curve intersects with a backward brake curve 102 
or a backward power curve 1 03 as shown in Fig. 5, 
the resultant running curve is drawn therealong. 
Thusrwhen the upper limit speed increases in a 
forward position, by turning on the power early, the 

40 train can be effectively accelerated. On the other 
hand, when the upper limit speed decreases in a 
forward position, the train can run at a speed which 
does not exceed the restricted speed and securely 
stop in a predetermined position. In addition, during 

45 simulation of the running - pattern, the individual 
value of each notch switching parameter is multi - 
plied by the upper limit speed of the section in 
which the train is running. Thus, the brake -on 
speed, the power -off speed, the brake - off "speed, 

50 and the power-on speed which are notch switch - 
ing criteria speeds for switching notches are ob- 
tained in advance. 

With respect to the power -off speed and the 
brake -off speed, two individual values for each 

55 speed in accordance with the cases whether the 
line resistance is positive or negative are obtained 
in advance. When the running speed of the train 
increases to the brake -on speed, the brake is 
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turned on. When the running speed of the train 
decreases to the power -on speed, the power is 
turned on. At a point where the line resistance is 
positive (namely, the speed of the train in the 
neutral state decreases), the power -off speed or 
the brake -off speed in accordance with the in- 
dividual value for the positive line resistance is 
selected. At a point where the line resistance is 
negative (namely, the speed of the train in the 
neutral state increases), the power -off speed or 
the brake -off speed in accordance with the in- 
dividual value for the negative line resistance is 
selected. When the speed of the train increases to 
the power - off speed, the power is burned off. 
When the speed of the train decreases to the 
brake - off speed, the brake is turned off. Thus, the 
train can run in conformity with the restricted 
speed. In addition, the train can be prevented from 
stopping before reaching a predetermined stop 
position. 

In this manner, a running - pattern 101 as 
shown in Fig. 5 can be obtained. In the figure, the 
value of the brake -on parameter is set to 100 %. 
The value of the power - on parameter is set to 45 
%. Both the values in accordance with the positive 
and negative line resistances of the power -off 
parameter and the brake - off parameter are set to 
99 %. All these values are initial values. In the 
figure, the energy consumption is 1156; the num- 
ber of notch switching times is 15; and the running 
time error is -5.616 sec. 

When the running time of the running - pattern 
obtained by the running simulation means 3 has a 
margin (5.616 sec. in Fig. 5), the time fitting means 

5 adjusts the running time. 

The time fitting means 5 determines the run- 
ning time error of the running - pattern obtained by 
the running simulation means 3. The upper limit 
speed adjusting means 6 adjusts the upper limit 
speed in accordance with the error and outputs a 
new upper limit speed to the running simulation 
means 3. The running simulation means 3 repeat- 
edly simulates the running simulation. Adjusting of 
the upper limit speed and the running simulation 
are repeated until the running time error comes in 
the allowable range. 

The upper limit speed adjusting means 6 in- 
creases or decreases the upper limit speed at the 
convex portion shown in Fig. 5 in the range below 
the restricted speed in accordance with the running 
time error which is positive or negative, respec- 
tively. Thus, the upper limit speed adjusting means 

6 obtains a new upper limit speed. Since the in - 
dividual values of the notch switching parameters 
have been fixed, when the upper limit speed is 
decreased, the maximum running speed is de- 
creased and thereby the running time is prolonged. 
On the other hand, when the upper limit speed is 



increased, the maximum running speed is in - 
creased and thereby the running time is shortened. 

In this manner, a running - pattern 121 as 
shown in Fig. 6 can be obtained. In the figure, 

5 reference numeral. 122 is a backward brake curve. 
Reference numeral 1 23 is a backward power curve. 
Reference numeral 124 is an upper limit speed 
which has not been adjusted (this speed is equal to 
the restricted speed). Reference numeral 125 is an 

w upper limit speed which has been adjusted. In this 
figure, the energy consumption is 705; the number 
of notch switching times is 15; and the running 
time error is -0.099 sec. 

When an individual value of each notch 

75 switching parameter is set, a running - pattern ob - 
tained by the time fitting means 5 is uniquely fixed. 
Thus, the pattern optimizing means 7 adjusts the 
notch switching parameters so as to optimize the 
running -pattern. 

20 The pattern optimizing means 7 determines 

situations of the notch switching and the evaluation 
functions varying of the running - pattern adjusted 
by the time adjusting means 5. Thus, the param - 
eter adjusting means 8 adjusts the notch switching 

25 parameters so that the values of the evaluation 
functions are decreased. New notch switching pa- 
rameters are sent to the running simulation means 
3. The running simulation means 3 repeatedly 
simulates the running simulation. The adjusting of 

30 the notch switching parameters, the running sim - 
ulation, and, when necessary, the adjusting of the 
upper limit speed are repeated until the values of 
the evaluation functions become minimal. 

The parameter adjusting means 8 adjusts the 

35 notch switching parameters in accordance with a 
rule based on situations of the notch switching and 
evaluation functions varying or by using an Al 
-(Artificial Intelligence) system so as to the values of 
the evaluation functions decrease. In addition, while 

40 observing the running -pattern and the values of 
the evaluation functions obtained, the user can 
manually adjust the notch switching parameters. As 
the number of switching times of notches caused^ 
by notch switching criteria speeds other than 

45 backward curves decreases, the riding comfort is 
improved. In addition, since the wasteful accel- 
erating is decreased, energy consumption is also 
decreased. 

Some of the notch switching parameters are 
so selected to be adjusted at the same time. With 
respect to the power -off parameter and the 
brake -off parameter, two individual values in ac- 
cordance with the cases where the line resistance 
is positive or negative are independently adjusted. 
55 Thus, in the case where the brake or power is 
turned off in a particular point between two stations 
where the line resistance is positive and in another 
point where the line resistance is negative, an 
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optimal running - pattern 131 suitable to the con- 
dition of the line resistance can be obtained as 
shown in Fig. 7. In the figure, reference numeral 

132 is a backward brake curve. Reference numeral 

133 is a backward power curve. Reference nu- 
merals 134 and 135 are an upper limit speed which 
has not been adjusted and an upper limit speed 
which has been adjusted, respectively. The in- 
dividual value of the brake -on parameter is 100 
%. The individual value of the power -on param- 
eter is 45 %. The individual value of the power -off 
parameter in the case where the line resistance is 
positive is 98 %. The individual value of the 
power -off parameter in the case where line re- 
sistance is negative is 91 %. The individual value 
of the brake -off parameter is 99 % regardless of 
whether the line resistance is positive or negative. 
In this figure, the energy consumption is 896; the 
number of notch switching times is 5; and the 
running time error is 0.138 sec. 

As opposed to the case shown in Fig. 7, when 
each of the power -off parameter and the brake - 
off parameter has one value, the parameters cannot 
be optimized enough and thereby a running -pat- 
tern 141 as shown in Fig. 8 is obtained. In Fig. 8. 
reference numeral 142 is a backward brake curve. 
Reference numeral 143 is a backward power curve. 
Reference numerals 144 and 145 are an upper limit 
speed which has not been adjusted and an upper 
limit speed which has been adjusted, respectively. 
The individual value of the brake -on parameter is 
100 %. The individual value of the power -on pa- 
rameter is 45 %. The individual value of the 
power -off parameter is 93 %. The individual value 
of the brake -off parameter is 99 %. In this figure, 
the energy consumption is 905; the number of 
notch switching times is 7; and the running time 
error is -0.057 sec. As a result when the line 
condition is considered in the notch switching pa- 
rameters (as shown in Fg. 7), the number of times 
where an unnecessary brake operation is used is 
reduced in comparison with the case where the line 
condition is not considered (as shown in Fig. 8), 
and the energy consumption is reduced by 1 %. 

Thus, a running - pattern for a train to run with 
small energy consumption and riding comfort in 
conformity with a predetermined running distance, 
a predetermined running time, and a restricted 
speed can be easily, quickly, and securely ob- 
tained. When a shorter running time is specified, a 
running -pattern for a schedule restoration running 
operation can be obtained. In addition, since a 
shortest running time can be obtained, the ap- 
paratus in accordance with the present invention 
can be used when a train schedule is revised or 
when a new line schedule is created. Moreover, 
provided that an optimal running - pattern has been 
input to an automatic train operation system as a 
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target running - pattern, when a train is controlled 
to track this pattern, it can run with small energy 
consumption and riding comfort in conformity with 
the designated running distance, the designated 
5 running time, and the designated restricted speed. 

Third Embodiment 

Next, with reference to Figs. 10 to 14, a third 

io embodiment in accordance with the present in- 
vention will be described. The third embodiment is 
an optimal running - pattern calculating system 
which is provided with the optimal running - pattern 
calculating apparatus of the first embodiment or the 

is second embodiment. 

Fig. 10 is a block diagram showing a stationary 
optimal running - pattern calculating system. As 
shown in Fig. 10, the optimal running - pattern 
calculating system comprises a database 202, an 

20 interface 201, a running - pattern calculating unit 
203 (which has been described in the first and 
second embodiments), a storing unit 204, and an 
output unit 205. 

The database 202 stores operation condition 

25 data (for example train numbers and running 
schedules), line data (for example, station names, 
the distance between each station, grades, curves, 
branches, and restricted speeds), and car data (for 
example, the weight and length of each car, the 

30 composition of each train, the acceleration and 
deceleration of each train, the formulas of grade 
resistance, curve resistance, and running resis- 
tance for each weather condition, passenger ca- 
pacity and the crowdedness of each time zone). 

35 The running - pattern calculating unit 203 uses 
these data to calculate a running - pattern. These 
data can be referenced when necessary. A storage 
medium such as an IC card can be used instead of 
the database 202. 

40 By using the interface 201 , the user can easily 
perform the following operation through an opera- 
tion screen such as shown in Fig. 11 with an input 
device such as a mouse and/or a keyboard: 

. (a) input the section, time, and weather for cal - 
45 culating a running -pattern, the type of a 
running - pattern (normal/fast/slow/fastest and 
deviation of running time), conditions of the 
running - pattern, and so forth, 

(b) select the automatic/manual adjustment 
so mode, change the initial values of the notch 

switching parameters in the automatic adjust- 
ment mode, and set the notch switching pa- 
rameters in the manual adjustment mode, 

(c) command the calculation of a running - pat - 
55 tern, 

(d) display a running -pattern calculated and 
results of notch switching parameters adjusted, 
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(e) output a running - pattern calculated and 
cnange the destination of the output of the 
running - pattern calculated, and 
(0 as an auxiliary function, change data of the 
database (such as revising the running sched- 
ule, changing/adding models of cars). 
Four types of running - patterns according to run - 
ning times (standard/fast/slow/fastest) are available. 
The deviation of each running time can be selected 
when necessary. 

As described in the first and second embodi - 
ments, the running - pattern calculating unit 203 
calculates a running - pattern for a train to run with 
riding comfort and small energy consumption in a 
predetermined running time in an section des- 
ignated by the interface 201 in accordance with 
data being read from the database 202. 

The storing unit 204 stores the running -pat- 
tern calculated by the running - pattern calculating 
unit 203. The output unit 205 outputs the running - 
pattern which is calculated by the running - pattern 
calculating unit 203 or stored in the storing unit to 
an ATO system 213 on the train through a storage 
medium such as an IC card or a communication 
system 212. 

Next, the operation of this embodiment will be 
described. 

First, through the interface 201 , the user des - 
ignates a section for calculating a running - pattern. 
With the mouse and/or the keyboard, for example, 
the user inputs data of a line name, an operation 
type, and a running section, data of a running 
section and a train number, or data of a running 
section and a departure time. Thus, the user des - 
ignates a running - pattern for a train to run at what 
time and in what section. 

After the section for calculating the running - 
pattern has been designated through the interface 
201, items of operation condition data and train 
data which have not been input through the inter - 
face 201 are read from the database 202 and 
displayed. 

Through the interface 201, the user can also 
change the car type, weather condition, the type of 
the running -pattern of standard/fast/slow/fastest, 
and the conditions of the running - pattern and the 
initial values of the notch switching parameters. 

The type of the running -pattern can be 
changed to standard/fast/slow/fastest so as to se - 
lect a target running -pattern in accordance with 
the deviation from the running schedule. In addition 
to the selection of standard/fast/ slow/fastest, 
through the interface 201, the user can designate 
the length of time to be changed or the ratio of the 
time to the running time. 

To input the conditions of a running -pattern 
through the interface 201, when the user selects a 
pattern condition button on the interface 201, a 



condition inputting sub -window as shown in Fig. 
12 is open. In this window, the user can change a 
margin to a restricted speed, notches for the 
power/brake for use in creating a running - pattern, 
5 a tracking margin in a pattern tracking operation, 
and a time fitting accuracy from their default val - 
ues. 

In Fig. 12, the margin to the restricted speed is 
a speed difference to be provided between a run - 

w ning speed and a restricted speed so as to tolerate 
a small amount of deviation from the running - 
pattern in the pattern tracking operation. As the 
margin, the value of the speed difference or per- 
centage to the restricted speed is input. 

is For the power and the brake for use in creating 

a running - pattern, one notch for the power and 
two notches for the brake which are a stop type 
and a deceleration type are chosen. The decel- 
eration type brake is used to prevent the running 

20 speed from exceeding an upper limit speed. It is 
necessary to designate a lower brake notch as the 
deceleration type brake notch than the stop type 
brake notch so as to prevent the riding com - 
fortableness from degrading. In Fig. 12, one power 

25 notch with a number "4" is shown to be used in 
creating a running - pattern. On the other hand, two 
brake notches with numbers "2" and "5" are 
shown to be used in creating a running - pattern. 
The tracking margin defines a margin of 

30 running - pattern which offsets an outer disturbance 
in a pattern tracking operation. When the tracking 
margin is increased, the time for which a weak 
brake is used to improve the riding comfort at the 
last of the stop brake Oust before the train stops) is 

35 prolonged. Then, if the running of a real train 
largely deviates from the running - pattern due to 
an outer disturbance in the pattern tracking opera - 
" tion, the margin which offsets the deviation be - 
comes large. 

4o The time fitting accuracy defines the accuracy 

of a running time with the size of permissible error 
or percentage to the running time. 

The initial values of the notch switching pa - 
rameters for the brake -on (deceleration brake 

45 start) speed and the power -on speed can be 
designated by raising/lowering the bars for these 
parameters on the interface 201 or by inputting 
these values-therefrom. 

After the conditions of the running - pattern 

so have been set, by selecting the calculation button 
on the interface 201 , the user commands the cal - 
culation of the running -pattern. 

When the calculation of the running - pattern is 
commanded through the interface 201, the 

55 running -pattern calculating unit 203 reads re- 
quired data from the database 202 and calculates 
the running - pattern in the nearly same manner as 
that of the first embodiment shown in Fig; 1 . 



9 



o 



o 



17 EP 0 539 

in other wofcs. as shown in Fig. i, the running 
simulation means 3 simulates the running of a train 
Dy using various data received from the input 
means i. backward curves, one set of notch 
switching parameters, and upper limit speeds and 5 
calculates a running - pattern for the train to run for 
a predetermined running distance at a speed below 
a restricted speed. 

The initial value of a upper limit value is a 
value where a margin designated through the in- io 
terface 201 is subtracted from a restricted speed. 
The resultant value is input from the parameter 
initializing means 10 to the running simulation 
means 3. From points where the upper limit speed 
increases, backward power curves are obtained. 75 
From points where the upper limit speed decreases 
and at the end point, backward brake curves are 
obtained. These curves are input from the back- 
ward curve calculating means 4 to the running 
simulation means 3. During the running simulation, 20 
when the running curve intersects with a backward 
curve, the running - pattern is drawn along this 
curve. When necessary, from points where the 
upper limit speed increases and from points where 
a backward brake curves intersect with the upper 25 
limit speed, backward neutral curves are obtained. 
Along these curves, a running - pattern is created. 
In this case, since unnecessary switching of 
notches is not performed, a running - pattern for a 
train to run with riding comfort can be obtained. In 30 
addition, since the number of adjusting times of 
notch switching parameters is decreased, the 
running - pattern can be more effectively calcu- 
lated. 

The notch switching parameters which consist 35 
of four parameters of power -on/off and brake - 
on/off are criteria for switching notches. The in- 
dividual value of each parameter is represented 
with percentage to an upper limit value. The in- 
dividual value is uniquely defined between a station 40 
and the next station. The power -off parameter and 
the brake -off parameter have two values in ac- 
cordance with the cases where the speed of the 
train increases or decreases in the neutral state, 
respectively. The notches are switched in accor- 45 
dance with notch switching criteria speeds which 
are obtained by multiplying the upper limit speed 
at a point the train is running by the individual 
values of notch switching parameters. 

Before the running curve intersects with a so 
backward brake curve, when the speed thereof 
increases to the brake -on speed and the brake 
notch is turned on, a brake with a weak notch is 
used so as to not degrade the riding comfort. In 
addition, for a particular time just before the stop 55 
position on a backward brake curve starting from 
the end point, the weak notch is used so that when 
the train stops, the riding comfort thereof is not 
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degraded. In addition, when a real train deviates 
from a running - pattern in the pattern tracking op- 
eration, the switching to the weak brake provides a 
margin which offsets the deviation. 

When the running time obtained in the running 
simulation means 3 (see Fig. 1) differs from that 
designated, the time fitting means 5 adjusts the 
upper limit speed. Thereafter, the running simula- 
tion means 3 recalculates the running -pattern. 
These operations are repeated so that the simu- 
lated running time fits that designated. 

When the running time fits the predetermined 
running time, the pattern optimizing means 7 ad - 
justs the notch switching parameters in accordance 
with the line data and the car data so that the 
values of the evaluation functions with respect to 
the energy consumption and riding comfortable- 
ness become minimal. The running simulation 
means 3 repeatedly calculates the running -pat- 
tern. These operations are repeated until an op- 
timal running - pattern for the train to run with small 
energy consumption and riding comfort and in 
conformity with the restricted conditions such as 
running distance, running time, and restricted limit 
can be obtained. Thus, the optimal running -pat- 
tern can be quickly and securely calculated. 

As described above, each notch switching pa- 
rameter has an individual value constant between a 
station and the next station as criteria for switching 
the notches. In comparison with the case where a 
section between two stations is divided into several 
portions and absolute values of speeds at which 
the notches are switched are defined for each 
portion, when the values of the parameters are 
represented with percentage (%) to an upper limit 
speed, the parameters can be effectively adjusted 
and thereby a running - pattern can be optimized. 

- IrTthe case where the notch switching param - 
eters are manually adjusted, the user switches the 
adjustment mode from the automatic mode to the 
manual mode through the interface 201. Thereafter, 
the user designates the values of the notch 
switching parameters and commands the running - 
pattern calculating unit 203 to calculate the 
running - pattern. Alternatively, the user designates 
notch switching points on a run curve display area 
(Fig. 11) of the interface 201 and commands the 
running - pattern calculating unit to qajculate a 
running - pattern. Thus, the running - pattern is 
calculated. 

Whenever the running time is fit the predeter- 
mined running time, the running - pattern obtained 
is displayed on the screen of the interface 201 as a 
run curve along with a restricted speed, grades and 
curves of line, and so forth. In addition, the result of 
the notch switching parameters adjusted is also 
displayed on the screen of the interface 201 . 
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When necessary, the running - pattern is re - 
peatedly calculated. When the use* selects the 
output button on the operation screen ot the inter - 
face 201, the resultant data is output to the ATO 
system 213 on the train through the storing unit 
204, the output unit 205, and a storage medium 
such as an IC card or the communication system 
212. In this case, the running -pattern data con- 
sists of a running section, a running distance, a 
running time, a running - pattern type 
(standard/fast/slow/fastest), a weather condition, 
positions of notch switching points, a time, a 
speed, notches for use, and run curve data (a 
position, a time, a speed, and output/effective tor - 
ques of driving/braking units). When necessary, the 
running - pattern stored in the storing unit 204 can 
be displayed on and read by a command through 
the running - pattern reading sub -window of the 
interface 201 (see Fig. 13). 

The destination of the output of the running- 
pattern data can be changed from the storing unit 
to the output unit or vice versa. In addition, the 
running - pattern stored in the storing unit 204 can 
be read and output to the IC card or the commu - 
nication system 212. The running - pattern data 
stored in the storage medium such as an !C card is 
output from a card read unit disposed in the ATO 
system 213 of the train. This data is used as a 
target running - pattern. 

When the running schedule is revised or the 
car type is changed or added, data stored in the 
database 202 can be modified through the interface 
201. 

Next, referring to Fig. 14, an optimal running - 
pattern calculating system mounted on a train is 
shown. In Fig. 14, the optimal running - pattern 
calculating system which is mounted on a train 210 
comprises an interface 201, a database 202. a 
running -pattern calculating unit 203. a storing unit 
204, and an output unit 205. The running - pattern 
calculating unit 203 is connected to a communica- 
tion system 223. Through the communication sys - 
tern 223, the position and speed of a preceding 
train 225 can be obtained. In addition, running 
schedule change data and temporarily restricted 
speed data can be received from an operation 
management system 224. Moreover, the position 
and speed of the train 210 can be sent to a 
following train and the operation management 
system 224. 

The database 202 stores line data such as 
station names, the distance between each station, 
grades, curves, branches, and restricted speeds. In 
addition, a storage medium such as an IC card 209 
stores operation condition data (for example, train 
numbers and operation schedules) and car data 
(for example, the weight and length of each car, the 
composition of each train, acceleration, and de - 
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ceieraoon mereot. a grade resistance formula, a 
curve resistance formula, a running resistance for - 
muta according to each weather condition, pas- 
senger capacity, the crowdedness of each time 
s zone, and so forth. These data can be referenced 
when necessary. 

Through the interface 201, the user can per- 
form the following operations: 

(a) input the weather, the deviation from the 
io running schedule, and the conditions of the 

running - pattern, 

(b) change the initial values of the notch 
switching parameters, and 

(c) command the calculation and recalculation of 
ts the running -pattern. 

In addition, through the interface 201 the 
user can perform the following operations in 
accordance with signals from the running -pat- 
tern calculating unit 203: 

20 <d) display the running - pattern calculated and 
the result of the adjustment of the notch 
switching parameters. 

Moreover, through the interface 201 the user 
can preform the following operations: 

25 (e) output the running - pattern calculated to the 
output unit 205. and 

(0 change the data of the database (namely, 
change the line data). 
The running - pattern calculating unit 203 cal- 
30 culates a target running - pattern for the next sec - 
tion between next two stations in accordance with 
the data being read from the database 202 and the 
storage medium such as the IC card while the train 
is running or stopping at a station. When the op- 
35 erating condition or the line condition is changed, 
the running -pattern calculating means 203 cal- 
culates a running - pattern for the section from the 
"present position to the next station by using a 
running simulation of the train in accordance with 
40 the data being read from the database 202 and the 
storage medium such as the IC card. 

The storing unit 204 stores the running -pat- 
tern calculated by the running- pattern calculating 
unit 203. The output unit 205 outputs the running - 
45 pattern which calculated by the running -pattern 
calculating unit 203 and stored in the storing unit 
204 to a tracking control unit. 

Next, the operation of this embodiment will be 
described. 

so To obtain a running - pattern of the train for the 

next section between next two stations while the 
train is running or stopping, the motorman inputs 
the current weather condition and deviation from 
the running schedule when necessary. In addition, 

55 like the embodiment shown in Fig. 10, the motor - 
man can change the conditions with respect to the 
running -pattern and the initial values of the notch 
switching parameters through the interface 201. 
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After the required conditions have been set. trie 
motorman commands the running -pattern cal- 
culating unit 203 to calculate the running - pattern. 

When the running of the train largely deviates 
from the target running - pattern in the tracking 5 
operation or when the train extremely approaches 
the preceding train 225, a running - pattern is re- 
calculated by using the distance to the preceding 
train 225 automatically or in the judgement of the 
motorman. When the line condition is changed 10 
such as raining, the running - pattern is recal - 
culated by using information received from sensors 
automatically or in the judgement of the motorman. 
When a temporarily restricted speed takes place 
due to a particular reason or when the running 75 
schedule is disordered due to an accident or the 
like, the running - pattern is recalculated automati - 
cally. When the motorman issues a command of a 
recalculation, the command is sent from the inter- 
face 201 to the running -pattern calculating unit 20 
203. When a command of a recalculation is auto- 
matically issued, the command is sent from the 
tracking control unit or the communication system 
223 to the running -pattern calculating unit 203. 

When receiving the command of the calcula- 25 
tion of the running - pattern from the interface 201 , 
the running - pattern calculating unit 203 reads re - 
quired data from the database 202 and the storage 
medium such as the IC card 209. With these data, 
the running - pattern calculating unit 203 calculates 30 
a running - pattern for the next section between 
next two stations. When receiving the command of 
the recalculation of the running - pattern, the 
running - pattern calculating unit 203 calculates a 
running - pattern in accordance with data being 35 
read from the database 202 and the storage me - 
dium such as the IC card 209 and data received 
from the communication system 223 and the 
monitor unit 208 so that the train does not ap- 
proach the preceding train 225 and so that the 40 
conventional running schedule can be restored or 
so that the train can run in a temporary running 
time received from the operation management" " 
system 224 through the communication system 
223. 45 

Whenever the running time is fit the predeter- 
mined running time, the running -pattern obtained 
by the running - pattern calculating unit 203 is 
displayed on the screen of the interface 201 as a 
run curve along with a restricted speed, grades and so 
curves of line, and so forth. In addition, the result of 
the notch switching parameters adjusted is also 
displayed on the screen of the interface 201. 

If necessary, the running - pattern is repeatedly 
calculated. The data of the resultant running -pat- 55 
tern is output from the running - pattern calculating 
unit 203 to the storing unit 204. In this case, the 
running -pattern data consists of .a running section. 



a running distance, a running time, a running - 
£>atiern type (siancaraiasvsfcow^astest). a weather 
condition, positions ot notch switching points, a 
lime, a speed, notches to* use. and run curve data 
(a position, a time, a speed, and output/effective 
torques of driving/braking units). When necessary, 
the output unit 205 receives the data of the 
running - pattern from the storing unit 204 and then 
outputs the data to the tracking control unit 207. 
The tracking control unit 207 controls the running 
of the train in accordance with the running- pat- 
tern. 

As an auxiliary function, the data of the 
database 202 can be modified through the interface 
201 in the case that the line condition is changed. 

In addition, the optimal running - pattern cal - 
culating system can be used properly as the sta- 
tionary system and the on - board system. In other 
words, in the pattern tracking operation, a target 
running -pattern which has been calculated by the 
stationary optimal running - pattern calculating 
system (Fig. 10) is usually read from the storage 
medium. Only the recalculation of the running - 
pattern is performed by the on -board optimal 
running -pattern calculating system (see Fig. 14). 

As described above, according to the optimal 
running -pattern calculating system of this em- 
bodiment, a running - pattern for a train to run with 
small energy consumption and riding comfortable - 
ness in conformity with a designated schedule can 
be easily, quickly, and securely obtained. In addi - 
tion. a train which runs in a designated running 
time with riding comfort can be automatically op - 
erated to track a target running - pattern. 

Although the present invention has been shown 
and described with respect to a best mode em - 
bodiment thereof, it should be understood by those 
skilled in the art that the foregoing and various 
other changes, omissions, and additions in the form 
and detail thereof may be made therein without 
departing form the spirit and scope of the present 
invention. 

Claims 

1- An optimal running - pattern calculating ap- 
paratus, comprising: 

input means for inputting line data and car 
data; 

backward curve calculating means for 
outputtlng backward curves; 

parameter initializing means for outputtlng 
notch switching parameters and an upper limit 
speed; 

running simulation means for simulating 
the running of a train by using the data re- 
ceived from the input means, backward curves 
received from backward curve calculating 
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means, and the notch switching parameters 
and upper limit speed received from the pa- 
rameter initializing means, and for calculating a 
running - pattern for said train to run within a 
restricted speed in a predetermined running 5 
distance; and 

* time fitting means for causing upper limit 
speed adjusting means to adjust the upper 
limit speed and causing said running simula- 
tion means to recalculate said running — pattern 10 
when the running time calculated by said run - 
ning simulation means is different from a pre - 
determined running time. 

The optimal running - pattern calculating ap- is 
paratus as set forth in claim 1 further com - 
prising: 

evaluation function setting means 'for set- 
ting evaluation functions with respect to energy 
consumption and riding comfort in accordance 20 
with the various data received from said input 
means; 

pattern optimizing means for causing pa- 
rameter adjusting means to adjust the notch 
switching parameters in such a way that the 25 
values of said evaluation functions of the 
running -pattern from said time fitting means 
become minimal and for causing said running 
simulation means to recalculate the running - 
pattern. 30 

The optimal running - pattern calculating ap- 
paratus as set forth in claim 2, 

wherein said evaluation function setting 
means includes weight changing means for 35 
setting and changing the weight of the evalu - 
ation items with respect to energy consump - 
tion and riding comfort. 

The optimal pattern calculating apparatus as 40 
set forth in claim 1 , 

wherein the notch switching parameters 
being input to said running simulation means 
have a plurality of individual values to upper 
limit speed, and . 45 

wherein some elements of said notch 
switching parameters have a plurality of in- 
dividual values in accordance with a line re- 
sistance. 

50 

The optimal pattern calculating apparatus as 
set forth in claim 4, 

wherein said notch switching parameters 
consists of four parameters of brake -on pa- 
rameter, power - on parameter, brake - off pa - ss 
rameter, and power -on parameter, the 
power -on and brake -off parameters having 
two individual values in accordance with the 



cases whether the line resistance is positive or 
negative, respectively. 

6. An optimal running - pattern calculating sys - 
tern, comprising: 

a database for storing line data, car data, 
and operation condition data; 

a running - pattern calculating unit for cal - 
culating a running - pattern for a train to run in 
a predetermined section in a predetermined 
running time with riding comfort and small 
energy consumption in accordance with said 
line data, said car data, and said operation 
condition data received from said database: 
and 

an interface for outputting a running - pat - 
tern calculating command to said running - 
pattern calculating means and for displaying 
the running -pattern being obtained. 

7. The optimal running - pattern calculating sys — 
tern as set forth in claim 6, further comprising: 

an output unit for outputting the running- 
pattern obtained by said running -pattern cal- 
culating unit to an external communication 
system. 

8. The optimal running - pattern calculating sys - 
tern as set forth in claim 7, further comprising: 

a storing unit for temporarily storing the 
running - pattern obtained by said running- 
pattern calculating unit and for outputting the 
running - pattern to said output unit. 

9- An optimal running - pattern calculating sys- 
tem, comprising: 

a database and/or a storage medium for 
*" storing line data, car data, and operation con - 
dition data; 

a running - pattern calculating unit for cal - 
culating a running -pattern for a train to run in 
a predetermined section in a predetermined 
running time with riding comfortableness and 
small energy consumption in accordance with 
said line data, said car data, and said operation 
condition data received from said database 
and/or said storage medium; 

an interface for outputting a rynning - pat - 
tern calculating command to said running - 
pattern calculating means and for displaying 
the running - pattern being obtained; and 

a communication system for outputting 
data of the position and speed of a preceding 
train and operation management data to said 
running - pattern calculating unit, 

wherein said database, said running - 
pattern calculating unit, and said interface are 
mounted on said train. 
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26 



10. The optimum running - pattern calculating 
system as set forth in claim 9, further com- 
prising: 

an output unit for outputting the running - 
pattern obtained by said running - pattern cal - 5 
culating unit to the outside through a storing 
unit. 
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© An optima! running-pattern calculating apparatus 
is disclosed, which comprises input means (1) for 
inputting line data and car data, running simulation 
means (3) for simulating the running of a train by 
using various data received from input means (4), 
backward curves received from backward curve cal- 
culating means (4), notch switching parameters re- 
ceived from parameter initializing means (10), and 
an upper limit speed and for calculating a running- 
pattern for the train to run within a restricted speed 
in a predetermined running distance, and time fitting 
means (5) for causing upper limit speed adjusting 
means (6) to adjust the upper limit speed and caus- 
ing the running simulation means (3) to recalculate 
the running-pattern when the running time calculated 
by the running simulation means (3) deviates from a 
predetermined running time. 

Thus, a running-pattern for a train to run with 
small energy consumption and riding comfort while 
satisfying a predetermined running distance, a pre- 
determined running time, and a restricted speed can 
be easily and quickly created. 
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